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1. IHTRODUCTION 
The "standard plant" production of synthetic rubber, 
designated as GR-S or Bma-S, involved the ertmlsion copoly­
mer izat ion of butadiene and styrene in the presence of soap, 
water, and catalyst. Polymerization was followed by flashing 
to remove and recover unreacted butadiene. Stripping in a 
tower permitted the separation and recovery of the lanreacted 
styrene. The em-ulsion product, at this stage termed latex, 
was modified by the addition of anti-oxidants# The next 
operation was coagulation of the latex by treatraent with 
sodium chloride and sulfuric acid solution producing wet 
agglomerates varying in size up to about one half inch in 
diameter. The agglomerates, called crumb, had a density some­
what less than that of the liquid phase and accordingly tended 
to collect near the surface. This slurry was applied to the 
upper portion of the drum of an Oliver filter where the crumb 
was washed by sprayed water and pressed by squeeze rolls into 
a porous sheet. 
The sheet from the Oliver filter was carried by belt 
conveyor to a hammer mill where crumb rubber was again produced. 
From the bottom of the hammer mill the crumb was carried by 
elevator to the top flif^t of a three-flight air drier. 
The drier was so constructed and operated that the rubber 
moved on perforated plate flif^ita. The top fli£^it moved at 
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th© fastest rate and emptied into a chute leading to the 
middle flight moving at lower rate. The middle flight 
emptied the partially dried rubber into a chute leading to 
the bottom flight which moved at a still lower rate* This 
variation in flight speed produced increasing depths of crumb 
from the top to the bottom flints. 
The dried cr\3mb from the bottom fli^t was carried by 
elevator to a hopper above a press. In the press the crumb 
was formed into rectangular blocks. These blocks welgiiing about 
75 pomds were placed in paper bags for shipment. 
The possibility of improving the quality of the dried 
rubber by the establishment of more satisfactory drying con­
ditions prompted the studies presented in this thesis. 
The standard plants for the production of buna rubber 
v/ere equipped v;ith three flli^t driers as described above. 
These air driers were so designed that the air flow was 
through the bed of crumb and across the surface of the criimb. 
Therefore, in drying studies the separate investigation of 
throu^ circulation air drying as well as drying v/lth air mov­
ing across the surface of the criomb bed was Important. 
To further the knov/ledge of th© drying behavior of the 
crumb rubber, vacuum drying vms investigated using a laboratory 
vacuum shelf drier as well as a rotBi*y vacuiam unit. 
Althou{^i many individual drying experiments have been 
reported, the drying of a given material by several methods 
in an effort to contribute to th© knowledge of the drying 
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Enedrianiain was considered deoirablo not only for the btina-S 
but also for other materials. 
Experimentally the drying of the rubber was followed 
by periodic moisture content determinations ao that moisture 
content-time curves could be established tinder the variety 
of conditions. These moisture content-time curves were used 
to develop a correlating procedure for the data. 
The v;et rubber used in the drying experiments v/as 
commercially processed material and v/ithdravm from the process 
as it left the hammer mill before elevation to the drier inlet. 
Since all material used in the experiments was plant rubber, 
it was subject to certain variations as to initial moisture 
content, particle size end composition. These variations were 
relatively minor, but were apparent in some drying experiments. 
The correlating procedure used with the falling rate drying 
data applies to all four types of drying experimentally employ­
ed, and with appropriate modifications can be used v/ith drying 
data for materials other than synthetic rubber. 
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II. IHSTOiltCAL 
Methods and techniques for correlating drying data are 
relatively modem althougji the operation of drying has been 
practiced as an art or part of industry for centuries. 
One of the early treatments of drying data by Lewis (8) 
presented information on equilibrium tnoiature contents for 
several materials, and equations relating the rate of loss of 
moisture to the moisture content. These equations were 
developed assuming surface evaporation and diffusion of liquid 
water through the solid to the surface. Other variables 
considered in the treatment were air velocity, humidity and 
slab thickness. 
Carrier (1) elaborated on the evaporation of water from 
free liquid surfaces and demonstrated the dependency of the 
drying rate during surface moisture evaporation upon the vapor 
pressure of the liquid water and the partial pressure of the 
water vapor in the air above the solid. 
Several years later Sherwood (14) classified the drying 
mechanism in four general cases; first, evaporation at the solid 
STorface with negligible internal resistance to the movement 
of the water to the'surface; second, surface evaporation with 
significant Internal resistance to the movement of the water to 
the surface; third, evaporation vjlthin the interior of the solid 
with low internal resistance to the movement of the raoistxire; 
and, fourth, internal moisture evaporation with significant 
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reaiatance to the internal movement of the liqiiid. Sherwood 
as well aa Lewis called the intei'nal movement of the water 
within the solid diffusion and "baaed the development of 
Fourier equationa on Newton's law of diffusion obtaining 
relations for moisture gradients identical to those for temp-
eratiire gradients in aijnilar solidst These ©qmtions were 
applied to the second drying case, l»e« surface evaporation 
with aifpiificant resistance to internal difftision. 
In a second article Sherwood (15) allowed calculations for 
convection and radiation heat transfer to the drying solid 
and suhdivided the falling-drylng-rate period into two zones. 
Later in a third paper Sherwood (15) presented the data for 
the drying of pulp and showed that the ratio of the free 
moisture content in the falling rate period to the critical 
free moisture content v/as related to the time of drying in the 
falling rate period by a semi-logarlthiaic equation. The fourth 
of this series of papers (17) showed the application of the 
diffusion concept to moisture distribution in the drying of 
clays# A fifth paper on the same subject by Sherwood and 
Comings (16) presented data on the air d2?yins of sand, clay 
and ceramic plate. The influence of humidity and air velocity 
on the drying was shovm in comparisons of drying rate curves. 
Newman. (11) carried out formal Integrations of the diffusion 
equations presented by Sherwood (14# 15, 16, 17, 18) for slabs, 
spheres and cylinders and later (12) published material 
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sliov/ing the mathematical relations for the variations in 
moisture concentration gradients with time of drying. 
In studying the drying of paper pulp and asbestos McCready 
and McCabe (10) investigated the effect of porosity on the 
mechaniQin of drying, and the effect of operating variables on 
the drying rat© curves. They sliowed that the shape of the 
rate curve in the falling rate period was influenced by the 
thickness of the slab and that the critical moisture content 
vms a function of the rate in the constant drying process. 
Ceaglske and Hougen (2) using sond in drying experiments 
demonstrated the limitations of the diffusion equations and 
showed that the rate of drying was not determined by diffusion 
but by capillary forces. The data obtained in these studies 
did not show a variation in the critical moisture content with 
the drying rate in the constant rate period. 
Shepherd, Hadlock and Brev/er (13) studying the constant 
rate drying of send verified the findings of Ceaglske and 
Hougen (2) and ^owed little variation in the critical moisture 
with variation of the drying rate. Eov/ever, an increase in 
the critical moisture content with increasing air velocity was 
observed. 
In air drying a gelatinous material, commercial iron blue, 
Ernst end coworkers (4) showed the very erratic behavior of 
the drying rate curves and attributed these unusual variations 
to the alterations of the capillary system during the drying 
experiments. 
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KougGn^ IucCaul©y and Ivlarsliall (7) preaeniied comparisons 
of molstur© distributions for calculatod and Gxporiinental 
drying curvos showing th© good agreement between theory and 
experiment for the diffusion concept, Tliey concluded that the 
movement of water within a solid by diffusion was restricted 
to the equilibrium moisture content below the point of atmos­
pheric saturation and to single phase systems in which the 
water and solid were mutually soluble, it was concluded also 
that capillary water flow In drying applies to water not held in 
solution and to all water a-oove the fiber saturation point, 
Dickinson (3) using the air drying of a slab made from 
layers of cloth demonstrated the movement of the vaporization 
zone to the interior of the slab as drying proceeded. In hia 
experiments he was able to distinguish betv/een the water in 
place and that flowing in the drying solid. Excellent agree­
ment v/as obtained between experimental and calculated rate 
curves using experimentally evaluated coefficients in the 
calctilations. 
The literature cited to this point may be summarized 
briefly as follows: 
1, Most of the studies have been concerned only v/ith the 
tray air drying of solids, 
2, A plot of the drying rate versus some Index of the 
moisture content permits comparisons of the influence 
of operating variables such as particle size, density, 
air velocity, temperature and humidity. 
a 
3« The diffusion, concept as applied to drying by 
Sherwood applies only in very restricted cases* 
However, the capillary concept of Ceaglske and 
Hougen has a greater range of usefulness and a more 
realistic theoretical justification. 
In the field of vacutan drying relatively little concern­
ing the basic concepts is reported although the procedure 
has been coimnon industrial practice for sorae time. Some rate 
curves for the vacuum drying of Sil-O-Cel cakes are presented 
by Ernst, Ridgway and Tiller (5) flowing the same trends as 
observed in the air drying of comparable solids# 
Like many other operations, the drying of solids by 
throu^ air circulation has been carried out for years with 
little or no serious attempt to investigate or explain the 
mechanism. Hovrever, in 1942 Marshall and Hougen (9) pub­
lished the results of an extensive study of through circula­
tion drying# Using a variety of preformed solids they 
demonstrated that the drying time and rate cui'ves for throug^b. 
circulation drying v/ere analogous to those obtained in tray 
drying with rates much greater than with cross circulation 
drying. 
In heat mass and momentum transfer experiments Gam son, 
Thodos and Hougen (6) and later Wilke and Hougen (19) dried 
granular solids in through circulation air drying experiments. 
Excellent correlations v/ere obtained using mass and heat 
transfer numbers v/ith modified Reynolds numbers. 
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III.. THEORETICAL COHSIDERATIONS 
iiVhen laaterials in the solid state are dried imder 
constant drying conditions,, the periodic determination of 
the moisture content of the drying material permits the 
establishment of moisture content-time relationships#. A 
plot of these moisture content-time data gives a curve 
somewhat as shown in Figure !•-
If the moist\ire content 
data are expressed in pounds 
of water present per pound of 
dry material and time is ex­
pressed in hours, the slope of 
this curve at any point is the 
rate of change of moisttare 
content with respect to time 
or mathematically, 
— B slope 
where W is the moisture content in pounds of water per 
pound of dry material,. 0 is the time in hours, and the 
minus sign implies a decrease in moisture#. 
If the drying rate is defined as the rate of moisture 
loss, the absolute value of the derivative is of importance 
and the negative sign is unnecessary* For comparative 
s 
43 
ra 
•rl 
P 
Time 
Figure 1 Typical 
Moisture Content-Time Curve 
(1) 
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purposes fche drying rate may bo oxpresaed on a unit area 
basis and bho mafchomatlcal eirspreasion bocomos, 
•jjryins Rato « (S) 
v/here A is the superficial drying area in square feet and 
D is the weight- of dry material in pounds# 
A plot of the drying rate at corresponding moisture 
contents is the so-called drying rate curve and may be of 
the type showi in Figure 2* 
That portion of the curve 
frow. a to b is termed the 
constant rate period and DdW 
M§ 
that portion from b to c, 
the falling rate period# 
The intersection of the two 
periods is the critical 
point and the moisture con­
tent at that point is the 
critical moisture content, V/q# 
If the material being dried has an equilibrium moisture 
content, the drying rate ctirve may not extend to the aero-
zero point, or point c of Pigua^e 2» 
A» Vacuum Drying 
The drying of materials at reduced pressures, althou^ 
W 
Figure 2 
Typical Drying Rate Curve 
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theoretically no different froia drying under atmospheric 
conditions, actually presents certain factors not encounter­
ed in air drying. Vdhereas humidity and air velocity, among 
other factors, are aisnificant in air drying, these items 
are rarely important in vacuum drying. In vacuum drying 
the total pressure and temperature are the ma^lor operating 
condition variables# 
If the material to be dried is placed in a chamber that 
may be heated and partially evacuated, the solid will dry 
first at a constant rate dependent upon th© temperature 
attained by the wet solid, the total pressure, and the 
character of the drying material# 'tVhen the di^ying chamber 
is evacuated by a mechanical pump connected throu^ a con­
denser to the drying chambei', the lower limit of the total 
pressure will bo controlled by the vapor pressure of the water 
retained by the condenser. Similarly if the walls of the 
drying chamber are cold enou^i to cause moisture condensation, 
the pressure obtainable will be controlled by the vapor 
pressure of this condensate. Accordingly, when care is taken 
to prevent wall condensation within the drying chamber and 
the total presstAre is above the condensate vapor pressure, 
the constant drying rate will be some function of the solid 
temperature and the total pressure. 
Usually the device for evacuating the drying chamber has 
a constant capacity, and "bleeding" is employed for adjusting 
the total pressure, Vflien this practice is employed, the 
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drying rato ia aomewhat higjier than that obtained from the 
uso of a coHiplotely closed chamber v/here natural convection 
and diffusion are the only processes assisting in the move­
ment of vaporised water frora the v/et solid* Wlien bleeding 
ia employed in the control of total pressure, a continual 
air movement assists in the removal of the water vapor» 
Sinoe the partial preas\are of the water vapor in the 
bulk of the air ia not constant because of variations in the 
quantity of air admitted in controlling the total pressure^ 
it becomes difficult to correlate the drying rate with 
partial pressure differences. Without exceedingly accurate 
controls and measuring devices the establishment of p^u?ely 
empirical relations betv/een the constant drying rate and the 
temperature and pressure are aa satisfactory as any purely 
theoretical approach* Tliis empirical approach is virtually 
a necessity when the drying chamber is opened at intervals 
for sampling* 
B* Air Drying 
\Vhen air drying conditions are altered, i*e* when the 
wet-and-dry bulb temperature of the air admitted to the 
drying material ia varied, the positions of the drying rate 
curves change so that a aeries of curves is obtained aa 
ahom in Figure 3* 
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If the air velocity 
changes and the wet-and-dry 
b-ulb temperatiires remain 
constant, the positions of 
the dryins rate curve may 
change as well aa the 
•ffloiatnre content corres­
ponding to the critical 
point. Such changes are exemplified in Figure 4# 
Althou^ these trends 
of the drying rate curves as 
discussed above have been DdW 
M© 
recognized for some time, a 
more desirable correlation 
of drying data -rould be one 
persiitting the recognition 
of these variables vjithout 
the necessity of establishing families of curves. 
If it is assumed that the v/ater vaporized from the wet 
material changes state at the v/et-bulb tsDiperature and that 
the heat involved in this change in state is a reasonable 
approximation of the total heat transferred, the following 
equation luay be written^ 
TO" S  ^kb" %b) (S) 
DdW 
Increasing 
Dry Bulb 
Temperature 
Decreasing 
Wet-Bulb 
Temperature 
W 
Figure 3 Typical Variations 
in D3?yine Rate with Changing 
Wet-and~Dry Bulb Tempera-
tui'es 
Increasing 
Air Velocity 
W 
Figure 4 Typical Variations 
in Drying Rate with Changing 
Air Velocity 
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v/her© - heat transferred per -unit area, BTU/hr« x sq»ft« 
a drying rate, lb, water lost/hr. x aq.ft* 
s latent heat of vaporization of water at the 
wet-bialb tett5)erature, BTU/lb, v/ater* 
h = surface heat transfer coefficient, (including 
convection and radiation), BTU/lir. x sq.ft. x P°. 
B s vvei^t of dry solid, lb» 
tDB s d3?y-bulb toinperature, °P« 
tvjB = v/et-bulb temperature, ®F. 
During the constant rate period evaporation occurs at 
the surface of the drying material, and if the conditions 
remain constant as well as the thickness of the material, 
the heat transfer coefficient h may be calculated by equation 
(3)« Values of h calculated in this way v;ill remain constant 
throughout this constant rate period. 
C« Treatment of Palling Rate Data 
During the falling rate period values of h calculated 
according to equation (3) will decrease since the value of 
DdV(f/Ad0 will decrease, tpB and tv® remaining constant• 
If the drying is conducted for a number of different 
values of (tx)B - f the value h will remain constant 
during the respective constant rate periods. However, with 
variation in the air velocity h will vary. 
For a treatment of the falling rate period equation (3) 
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moy be rearranged to, 
^ >-«B. 5^5^ .  SE§^ (4) 
where rr is the total thermal resistance offered the removal 
of moisture from the stock# The resistance term r<j? may he 
subdivided into rg and, ri, 
r^ « r^ + r^ (5) 
where rs is the surface resistance and ri is the internal 
resistance# In the constant rate period TQ is equal to r^# 
but in the falling rate period, rji becomes significant. 
Using these resistance terms equation (4) becomes, 
( 6 ,  
Letting Rf be the drying rate at any time during the falling 
rate period, eq^iation (6) may be arranged to 
Rf J's ^  WB + Rf ^ WB B ^DB -
On the other hand during the constant rate period tho internal 
resistance is negligible and using Rq for the constant rate. 
or 
^ A TO . HoA.ro (8) 
Rc 3?S A VVB ® ^DB " '^ '//B (9) 
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substitufcins for the tomporatm^e difference In eqmtion (7)^ 
Rf ^ VilB -h Hf ri A ts Rc 3?b m (3.0) 
and Rf Tg +• Rf rj. » Rc V Q  (11) 
Dividing both sides of equation (11) by Re and V Q  - ri, 
Rc rg •+• rx " TTTriT^ ) 
The e^jpresslon of equation (12) indicates that as the 
internal resistance becoiaes greater with decreasing moisture 
content the denominator of the rii[iih.t aide of the equation 
increases and the ratio Rf/Rc approaches zero as the moistiire 
content becomes zero. On the other hand, when Rf equals R© 
at the critical point, ri is zero and the Rf/Rc ratio is 
unity# 
Since the drying rate is function of the moisture content, 
Rf s f* (Wf) (13) 
end Rc a c (Wc) (14) 
vrhere Wf s moisture content in falling rate period, lb. 
water/lb, dry material 
Wc s moisture content at critical point, lb, water/lb« 
dry material 
0 ® constant 
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Then dividing equation (13) by equation (14), 
3 1 
Rc c (Wc) 1 +• (ri/rg) (15) 
or Rf 
Rc 
« f (Wf/V/c) (16) 
For simplification, let Rf/Kc ~ a reduced rate, and 
Wf/Wc « a reduced moisture content, so that 
Rj, ^  f Wj. (17) 
An inapoctlon of equation (17) reveals that for a fixed 
thickness of the drying material regardless of the drying 
conditions as long as they remain constant, a plot of R^ 
versus Wp will represent all the drying rate data for a given 
material. Furthermore, for a fixed thiclaiess of material, a 
single line ehotild represent the drying rate data somewhat as 
indicated in Figure 5. To further auhstantiate this hypothesis 
the geometry of 
typical drying rate 
plots may be exeonin-
ed. In Figure 6 the 
typical drying rate 
plots for several 
drying conditions are 
ahovm and it Is assumed 
Rp 
Y/r 
Fl.iure 5 Typical Reduced 
Drying Rate Plot 
that the air velocity has remained constant so that the same 
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UJ 
^ / /  /  
//// 
!'/// 
Wf Wc 
MOISTURE CONTENT-W 
FIGURE 6 GEOMETRY OF TYPICAL 
DRYING RATE CURVES 
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critical inolstvire content applies for the several cnrveo. 
An inspection of the figure reveals that hy similar 
triangles, 
a*f» b'f* c»f'« d'f « e'f* o»f' Rf 
The abscissa distances may be interpreted in terms of the 
moisture content^ 
oo« 4- o*f* - Wf* (19) 
oo» •+ o»f s Wc (20) 
Froia these equalities it is obvious that the Wf*/ Wq ratio 
can numerically equal the Rf/Rc ratio only when the point o' 
is coincident with point o» Accordingly, Rf/Rc is rarely a 
constant function of Wf/W^ and a graphical representation 
will be of the type shov/n in Figure 5» 
One of the iijjportant uses of drying rate curves is for 
the graphical comparison of rates under varying drying 
conditions* Also^ from the drying rate ciirve the time of 
drying may be calculated for any moisture content range. To 
use the reduced drying rate plot for calculating the time of 
drying a graphical treatment is favored although if the 
function is established, the graphical method may be 
unnecessary# 
Since the drying rate, Rp, is a function of the moisture 
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confceni; the following ©quatlon may be written 
R s f (W) a -
In the constant rate period^ the time of drying may be 
calculated by 
©O = ("o - Wc)P (gg) 
Axlo 
where^c « drying ttoe In the constant rate period, hr. 
Wq 55 Initial moisture content, lb» water/lb, drv 
raatorial 
Wq s critical moisture content, lb» water/lb. dry 
material 
A a drying area, oq, ft» 
Rc « varying rate, lb. v/ater lost/sq. ft, x tir« 
D a dry material, lb* 
In the falling rate period where the drying rate, Rf, 
ia not a constant function of the raolature content the time 
of drying may be confuted as follows. 
^ = - HI (23) 
^ ® o VVc 
J d0 « . D P dw 
V FTv7) 
Wf 
.c Wc 
(24) or ^ f « S r • D 
where 0^ z drying time in the falling rate period, hr. 
SI 
If in this falling rate period the reduced rate plot la 
used instead of the conventional drying rate plot, th© 
expressions become, 
Rc Rr e Wc f (Wj.) s; - 222.. 2^  (25) 
08 0 3^? « 1.0 
Wj? s Wi» - final 
Wr « 1»0 
s 21!c 
ARc J Rr ^ ' 
Wr » Wr - final 
To evaluate the integral of equation (87) a plot of 
1/Rr versus Wp as abscissa may be made and the area under 
the curve between the limits measured or one of the approxi­
mation rules may be applied to calculate the area* 
In the special case of the drying of the synthetic 
rubber the reduced rate plot will be approximated as a 
power fmction of the y s "bype* i-e* 
Rr s Wjplc (28) 
or log Bp s k log Wp (29) 
Then using the drying data, the appropriate value of k may 
be established* 
Since rarely were these drying experiments carried to 
2S 
absolute dryness, a los-log plot of Rj. versus Wj? for a number 
of assumed values of k con be constructed as shown in 
Figure 7, v/ithout extending the curves to the value corres­
ponding to zero moisture content# Prom these curves values 
of Rj;. corresponding to asstuned values of Wr from 1»0 to 0,1 
can be tabulated* Listing the corresponding reciprocals of 
Rr and applying the trapessoidal rule permits the tabulation 
of cxOTulative integration areas for the assumed values of 
With these tabulations plots of ciuraulative integration areas 
versus Wr as shovm in Figure 8 may be obtained# 
Using experimentally established moisture content-time 
curves, 0f, Wcj A, and Ro can be evaluated and inserted in 
the rearranged equation (27), 
Then, with Wy - final calculated from the final moisture 
content and ®fARc/DWc the corresponding k can be read at the 
appropriate point on Figure 8. For greater convenience in 
evaluating k, plots of k versus Wr can be constructed from 
Figure 8# 
Using the proced\iro outlined above together with a 
correlation of surface heat transfer coefficients for the 
constant rate period, it is possible with a curve of Figure 8 
for an appropriate value of k to compute the falling rate 
drying time to a selected final moisture content® 
wr » 1.0 
(30) 
Wp js Wp — final 
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IV* EXPEIilMEI^TAL 
In the investigation the experimental teclmique was 
basically the same regardless of the type of drying# 
Essentially the procedure was the periodic determination 
of the moisture content of the material as the drying 
progressedt Simultaneously temperatures, total pressures, 
air velocities and total drying times v/ere recorded. V/ith 
these data moisture content-time curves were constructed 
from which subsequent correlations were possible* However, 
the method of moist\are determination v/as changed as the type 
of drying i.e. vacuum, air or throu^ air circulation dry-
ing, v;as changed in the investigation. 
A. Vacuum Shelf Dajying 
The apparatus used in this phase of the investigation 
was a cabinet type unit constructed of cast iron and equipped 
with three shelves internally steam heated. Galvanized iron 
trays 20 inches square and 1 inch deep were used to hold 
the crumb rubber. Clearance between the shelves was 2 5/8 
inches permitting the transfer of heat to the tray by conduc­
tion from the shelf on which the tray rested and by radiation 
from the shelf above the drying material. 
The temperature within the vacuum chamber was controlled 
by the pressure of the steam admitted to the shelves. The 
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surface tejoiperatures of the i^elves above and ^ ©low the tray 
of rubber as well as the temperatur© of rubber near the 
surface, in the center and at the bottom of the tray, were 
obtained with copper-const ant en therraocou^es in conjunction 
with a direct reading Leeds and Hortha^ potentiometer. 
Evacuation of the drying chamb^ was accomplished by 
means of a rotary sliding vane va^-um pump connected to the 
drying chamber through a water ^ oled condenser* IPhe vacuum 
attained in the drier was co^rolled by the adjustment of a 
needle valve admitting aiiyto the evacuated chamber. The 
magnitude of the pressi^e reduction was read from a "U" tub© 
manometer openx to the atmosphere on one side and connected 
to the vaotiuV.,cl:i^Der on the other* 
The wet rubber was crumbled so that a uniform depth 
was obtainable in uhe tray# Uext the tray was placed in the 
drier and thermocouples Inserted at appropriate locations. 
After closing the dryer previously selected conditions were 
secured by proper adnustment of the steam pressure and 
"bleed" air. Small ipamples of the rubber were removed from 
the chamber at one-hAlf hotir intervals and together with an 
initial sample were weij^ed, dried to constant weight and 
rewei^ed to obtain d^a for constructing moisture content-
time curves. Before each opening of the drier for sanpling 
the vacuijra, steam pressure and temperatures v/ere recorded. 
Although the procedure described above gave satisfactory 
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results, it v/as subject to one serious disadvantage« The 
time elapsins between sampling and establishing the 
moisture content made drying to a desired final moisture 
content almost impossible without repetition of the experi­
ment. Accordingly, a number of constant rate values were 
established without carrying all dryings to moisture contents 
in the falling rate period. 
B, Rotary Vacuum Drying 
The study of vacuum drying of synthetic rubber v/as 
extended using a rotary vacuum unit consisting of a closed 
horizontal cylinder approximately 4 feet in diameter by 6 feet 
long# The cylinder was equipped with steam tubes and rotated 
about its longitudinal axis 360 degrees in one direction, 
then 360 degrees in the opposite direction at the rate of 
2 revolutions per minute. 
Evacuation was accomplished by means of a Nash Hytor 
connected through a water cooled condenser to the vacuum 
cylinder* The desired vacuum vms maintained by operating the 
pump at constant opacity and bleeding air into the system 
at the desired rate* 
In operation the material to be dried v/as charged 
throu^ a port in the cylindrical portion of the vacuxan 
chamber after the unit had been brought to operating tempera­
ture. The port was closed, rotation started end the desired 
S8 
vaouiao ad;justed.« Samples for moisture determination wore 
aocixred at one half hovir intervals. Vacuum and temperature 
data were recorded before stopping the unit for sampling. 
Althou^ moisture content-time curves v/ere constructed 
from the data, correlations based on the conventional drying 
rate curves were not possible because of the inability to 
establish a drying area measurement. Hov/ever, modified 
drying rate curves were constructed. 
C. Cabinet Air Drying 
For this portion of the Investigation the drying eaperi-
ments were conducted using a shelf type circulating air 
drier. The unit Included a blov/er, humidifier, steam coils, 
baffles and piping for recircxilation of the air. 
Relatively small trays (3 inches by 3 inches) were used 
in the experiments so that accurate measurements of gross 
weights could be obtained. The trays were filled with crumb 
rubber placed at previously selected positions on a shelf 
in the drier and gross weights of tray and rubber recorded 
periodically througjhout the rm. A sheet plastic (Ethocel) 
was used in fabricating the tray a which were provided with 
tops for covering the rubber during removal from the drier 
for wei^ings. An analytical balance was \is.©d for the 
periodic determination of gross wei^ts of trays and rubber. 
BBS 
29 
Initial xnolflture contents of the rubber employed in the 
drying experiments were established by withdrawing a saiaple, 
weighing, drying to constant v/eij^t and rewei^ing. Wet-and 
dry-bulb temperatures were measured with mercury in glass 
thermometers extending through the wall of the dryer into 
the air stream. Air velocities were established using a 
calibrated rotating vane anemometer periodically placed at 
the position occupied by the tray of rubber# 
Using the technique described above moisture content-
time data v/ere established for three different thiclaiesses 
of rubber {1 inch, 1 1/2 inches, and 2 Inches) at several 
different air velocities, humidities and temperatures* 
D. Tlirough Circulation Air Drying 
For this type of drying an experimental unit was con­
structed in such a manner that a conditioned air stream could 
be directed throu^ the bed of cnanb rubber# The essential 
features of the unit are shown in Figure 9. 
Air was drawn from the room passed over heating coils, 
throu^ a humidifier and into the drier where it moved throu^ 
baffles and down throu^ a tray of cirumb rubber. The tray 
was of plywood and screen construction with a wide heavy paper 
gasket attached to the bottom. Screen openings were 1/16 inch 
square. The tray rested on a partition in the drier having an 
opening the size and shape of the screen bottom of the tray, 
y/lth this arrangement all the air entering the upper portion of 
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the drier was forced through the cruinb in the tray# 
Rods attached to the sides of the tray and leading throu^ 
the top of the unit allowed the tray to be wei^ied without 
removal from the drier. Vilhen a weighing was made, the air was 
diverted from the drier, the support rods to the tray attach­
ed to a saddle resting on the pan of a triple beam balance, 
and the total weight recorded# 
In making a run the v/et crixtnb v/aa placed in the tray, the 
filled tray inserted in the drier, the support rods connected, 
and an initial wei^^t obtained# The air previously adjusted 
to the desired conditions was then directed into the drier, 
and total wei^^its of the tray assembly recorded at several 
minute intervals until constant weij^it was established# Humidi­
ties of the inlet air were established with wet-and dry-bulb 
thermometers located several inches above the upper surface 
of the crumb# Air velocities were established with an anemo­
meter placed in the air stream issuing from the bottom of the 
drier. 
Using the proced\ire described above drying by throu^^ 
circulation was carried out over a temperature range of 140 to 
220° P. Humidities were varied from 6 to 15 per cent relative 
humidity and air velocities from 70 to 450 feet per minute. 
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V. RESULTS 
The primary data obtained in all the drying experiments 
were converted to raoiature contents expressed as pounds of 
water per poimd of dry material and In these tinlts plotted 
versus the total drying time in hours# This type of graphical 
representation of the data was used as the basis for subse­
quent correlations. Eov/ever, for good comparisons of the 
moisture content-time relations established under a variety of 
operating conditions composite plots v/ere made using 
arbitrary scales so that crossing and confusion of individual 
curves could be reduced to a minimum. 
The moisture content-time curves were then used in the 
establishment of drying rates by placing a straight edge 
tangent to the moisture content-time cujpve at selected mois­
ture content points and reading from the plot values of 
moisture content differences corresponding to time differences. 
With these values the slope was computed as dv//d0» For con­
verting the slope to the corresponding drying rate the value 
of dw/d© was miiltlplled by d/a with D the pounds of dry solid 
and a the exposed surface area in square feet. The rates in 
the constant rat© period were used in establishing relations 
between the constant rate values and the drying conditions. 
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A* Vacuum Shelf Drying 
In the vacuum drying experiments moisture contents were 
established by withdrawing sracill samples for analysis through­
out the duration of the drying. The temperature of the 
individual drying injins was talcen as the averafr,e temperature of 
the solid during the operation as indicated by thermocouples 
located in the solid# These temperature values and the total 
pressures are given in Table I for the several moisture 
content-time curves of Figure 10. 
Employing the values of the constant rates together with 
the average drying temperatures and total pressures as listed 
in Table I a purely empirical approach was used to relate the 
constant rate to the temperature and pressure# The relation 
established was a linear variation of the constant rate value 
with the ratio, t/P«, where t is the average material tempera­
ture and P total pressure*, The relation^iip shown plotted 
in Figure 11 can b© represented by the equation 
Rc a 0,00589 (t/pl) - 0,12S8 (31) 
In correlating the falling rate data values from the 
curves of Figure 8 were used in constructing the curves of 
Figure 12 relating k and the emulative integration area with 
constant values of Wp permitting a more accurate evaluation 
of k from values of Wp. 
MOISTURE CONTENT -  LB. WATER/LB. DRY MATERIAL 
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Table I» Constant Rate Vacuum Shelf Drying Data 
Constant Average 
Rate, Rc Cake Total 
Rim D dW Teiap, Pressure 
t/vk Ho, J W B to P. P in,Hg 
666 0.502 158 5 70,5 
670 0,044 133 15 34,4 
672 0,214 176 15 45.5 
674 0,223 187 15 48,3 
677 0,286 167 5 74,5 
679 0.211 144 5 64,2 
681 0.326 174 5 77,6 
683 0,058 142 19 32.6 
685 0.186 154 10 48,7 
686 0.183 163 10 51,6 
687 0,175 167 10 52,8 
692 0,163 160 10 50,6 
694 0,156 167 15 43,2 
Using equation (27) for the tirae of da^ying in the falling 
rate period to oljtain the falling rats drying time from 
Wj, - final to Wp - 1*0 
% s 1.0 
« i> wc r dwy , , 
^ X j fijr (27) 
W « v^ r " final 
where is the falliii^ rate drying time* Rearranging oqaation 
(fj/) for use with Pigui^e 12, 
~ 1*0 
- J  ^ <®°' 
Wj» 5j Wp - final 
Appropriate values of A, R , D, Wo and Wr - final 
were selected from the moisture content-time curves and listed 
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In Table II ao that values of K could be read from Figure 12» 
An average value of Ic of 1.30 was obtained permitting the 
writing of the reduced rate equation as 
Rr a (S2) 
Although there is considerable variation in the individual 
values of k in Table II, the average ia a reasonable value for 
the pov/er of the reduced moisture content for correlating the 
data of the commercial buna rubber. 
B. Rotary Vacuum Drying 
The rotary vacuum drying eroeriinents were performed under 
several different drying condlfcionst However, the rotation 
of the evacuated drum and the resulting tumbling of the 
rubber prevented the establishment of average temperatures 
of the drying solid by the technique employed in the vacuum 
shelf drying. Accordingly, the steam supplied to the heating 
tubes was held constant at 8 pounds per square inch# . Varia­
tions of the drying conditions were produced by changing the 
total pressure within the drum. 
Another difference encountered In the use of the rotary 
vacuxim drier was the inability to establish a drying area. 
Therefore, in correlating data using the procedure described 
in the previous sections it ?/as necessary to modify the relations 
for determining the character of the drying curves. 
II• Palling Rate Vacuian Shelf I^pylng Data 
Palling Critical Pinal 
Rate Drj Constant Moisture Moistiire 
©fARc Eim Time Solid Rate Content Content P1m3 
0^ I> R« We Wf DWc k 
672 1.48 4.18 0.214 0.1 0.01 0.1 2*10 0.90 
674 1.5 4.03 0.223 0.1 0.03 0.3 2.00 1.78 
677 1*4 5,11 0.286 0.1 0.01 0.1 3*58 1*36 
679 0*93 3.66 0.211 Ool 0.03 0.3 1.49 1.34 
681 1.37 4.22 0.326 0.1 0.01 0.1 2.94 1.20 
686 1.28 5.80 0.183 0.1 0.01 0.1 1.71 0.80 
6Q1^ 1.00 5.14 0.175 0.1 0.03 0.3 1.16 1.00 
692 I.IS 3*42 0.16S 0*1 0.035 0.35 1.50 1.65 
694 1.18 3.39 0.156 0,1 0.035 0.35 1.51 1.65 
A ^  2»78 sq« ft* 
 ^ A ~ 2»08 so# ft. 
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In Plcure 13 a composite plot of the moisture content-time 
curve a is shown. These curves can be used in establishing the 
drying rate curves by measuring the slope of the curves at 
selected points, Hov/ever, conversion of the slopes to con­
ventional drying rates is inQDossible because of the lack of 
loiowledge of the drying area» Kevertholoss, the plots of the 
slopes of those moisture content-time curves, dw/d0 , versus 
the moisture content is sometimes useful in comparing the 
drying behavior of the rubber under varying conditions. 
As in the case of vacuum shelf drying the drying rates for 
the constant rate periods are related empirically to the drying 
conditions# The data for this correlation are listed in 
Table III and shovm graphically in Figure 14. 
Table IIIb Constant Rate Rotary Vacutaa Drying Data 
Modified 
Constant 
Rate,Rc* Total Steam 
Run ^ Pressure Temperatvire 
^0" d^ P ine Hg tst tst/Pe 
993 O.SIS 5 162 72.3 
994 0.232 12 162 46.8 
995 0.092 20 162 36,3 
997 0.200 5 162 72.3 
998 0.200 7 162 61.4 
The equation for the line relating the slope of the 
moisture content-time curve in the constant drying period to 
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the tst/P^ ratio is 
Ro* » 0.0035a (tst/P^) - 0,0394 (33) 
where R©* is the modified drying rate, dvv/d© in the constant 
drying period. 
For the falling rate rotary vacuum drying data equation 
(27) may he altered to 
.wr • 1.0 
fir" 
y/p a Wp - final 
v/here Ro* is dv//d© of the constant rat© period# Then select­
ing values of Wc from Figure 13, the curves of Figure 0 or 
Figure IS may be used to establish values of k. These data 
are listed in Table IV. 
' 
0 Wc f dWy 
 ^' 5 '^ J  ^
Table IV. Palling Rate Rotary Vacuum Drying Data 
Run 
No. 
Falling 
Rate 
Time 
^f 
Modified 
Constant 
Rate 
Re' 
Critical 
Moisture 
Content 
Wc 
Final 
Moisture 
Content 
Wf 
Pinal 
Wr 
0fRo« 
% k 
993 1.80 0,218 0.1 0.01 0.1 3.27 1.27 
994 0.85 0.232 0.1 0.01 0.1 1,97 1.03 
995 1.87 0.092 0.1 0.01 0.1 1.82 0.72 
997 1.02 0.200 0.1 0.01 0.1 2.04 1.07 
998 1.02 0.200 0.1 0.01 0.1 2.04 1.07 
The average value of k for these data is 1.03 althou£^ a 
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valtio of unity is probably a satisfactory value* EstalDllshlng 
a value for k makes possible the calculation of rotary vacuum 
drying times in the falling rate zone to which imist be added the 
constant rate time for estimating the total drying time to some 
selected moisture content above absolute dryness# 
C* Cabinet Air Drying 
In these eacperiments it was possible to vary wet-and-dry 
bulb temperatures, air velocities and thiclaiess of the layer of 
drying crumb. Dry-bulb temperatures were varied from 104® F» 
to 283® Ft, humidities from 0»005 to 0»095 pomds of water per 
pound of dry air and air velocities from ISO to 410 feet per 
minute# The drying behavior of the crumb at three different 
thicknesses was investigated, 1, 1^, and 2 inches of bed depth# 
Composite- plots of moisture content-time curves for the 
cabinet air drying are shown In Figures 15, 16, and 17• In 
these figures as in the presentation of the vacuum shelf and 
rotary vacuum drying data arbitrary scales are used on the axes 
to avoid confusion of the individual drying curves# 
In Table V the pertinent constant rate data are pre­
sented# Surface heat transfer coefficients listed for each 
drying run were calculated using equation (S) 
dQ. _  n  A W  . . .  .  .  
" I ^ (^DB " tm) (3) 
These surface heat transfer coefficients are related to th« 
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air velocity aa shown in Figure 18# Over this relatively small 
air velocity range (120 to 410 ft* per min*) the relationship 
may be represented by a straight line on a coefficient-air 
velocity plot. The equation for this line over the experimental 
velocity range is 
h s 0.008 V 4- 4#75 (35) 
where V is the air velocity in feet per minuto. 
Palling rate data are given in Table VI v/here values of 
k are listed. Values of V/f and were selected from 
the moisture content-time curves of Figures 15, 16 and 17, 
Rc from Table V, and V/p and ^fARc/DWo calculated. Then using 
the curves of Figure 8 values of k were listed. The average 
values of k for bed thlclmesses of 2 Inches, 1| inches and 
1 inch v/ere 1.59, 1.80 and 1.68 respectively. The overall 
average value of k was 1.68. 
Althou^ there is considerable variation of Individual 
values of k resulting from the arbitrary selection of th© 
critical moisture content and the inherent variability of th© 
rubber, th© average valu© of k can be used in calculating 
moisture content-time data or drying rate data. 
D. Throu^ Circulation Air Drying 
Althou^^ there are certain differences between cabinet 
air drying and throu^ circulation drying, th© moisture 
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Table V. Constant Rate Cabinet Air Drying Data 
Run 
Ko. 
Dry 
Solid 
D 
«-Constant 
Hat6^  rq 
D dW 
A He 
Latent 
Heat 
X m 
Ba?TJ/lb. 
Dry 
Bulb 
Tea^ . 
Wet 
Bulb 
Tenip. 
tv®op 
Heat 
Transfer 
Coefficient 
,h 
BTU 
ird)(sq.ft)(P^ ) 
Air 
Velocity 
V 
ft/iain. 
2 Inch Bed Thickness 
806 0,2291 0.1771 1039 121.2 97.5 7.78 390 
808 0»22S3 0.5293 1043 163.6 89.6 7.46 360 
810 0.2076 0.2627 1056 104.0 67.6 7.62 360 
812 0*2330 0.3773 1049 130.2 79.3 7.78 360 
816 0.2439 0.5679 1046 169.2 84.0 8.08 410 
830 0.2088 0.6154 1039 188.5 97.0 6.99 300 
831 0.2128 0.5594 1028 188.1 116.0 7.98 402 
832 0.1988 0.6015 1035 189.1 103.0 7.23 310 
839 0.2180 0.7817 1030 219,7 113.5 7.58 330 
840 0.2142 0.6416 1020 223.1 130.0 7.03 240 
843 0.2245 0.6448 1035 221.9 104.0 5.66 120 
if Xn<di Bed Thickness 
808 0.1651 0.5405 1043 163.6 89.6 7.62 360 
810 0.1653 0.2565 1056 104.0 67.6 7.44 360 
812 0.1751 0.3783 1049 130.2 79.3 7.82 360 
816 0.1802 0.6424 1046 169.2 84.0 7.89 410 
1 Inch Bed Thickness 
806 0.1077 0.1778 1039 121.2 97.5 7.80 390 
808 0.1173 0.5330 1043 163. S 89.6 7.51 360 
810 0.1085 0.2590 1056 104.0 67.6 7.51 360 
812 1.1110 0,3667 1049 130.2 79.3 7.56 360 
816 0.1256 0.6648 1046 169.2 84.0 8.16 410 
 ^A "" 0*0625 ft» 
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content data have been treated in the same way^ With throu^i 
circulation drying the crumb rubber particles were contacted 
with air passing through the bed, between the individual 
particles. Accordingly, the true drying area was somewhat 
greater than the exposed cross-section of the tray holding the 
crirafb, Nevertheless for correlation purposes the cross-section 
of the tray v/as used as the drying area recognizing that sudi 
an area was merely a superficial area and not the true drying 
area* Similarly, in the case of the cabinet air drying the 
cross-section of the tray holding the crumb rubber was taken as 
the drying area whereas the coarseness of the crumb provided 
a somewhat greater true drying area# 
For the calculation of drying heat transfer coefficients 
for throu^ circulation drying the assumption was made that 
coefficients could be calculated in a manner similar to that 
for the cabinet air drying. In these calculations the cross-
section of the tray v/as used as the area and "surface" 
coefficients of heat transfer computed by means of eqviation (3), 
~ X ^  ^ ^ - tvvB) (3) 
D dW 
where j is the constant drying rate. 
The moistwe content-time data for throu^ circulation air 
drying shown in the curves of Figure 19 were used in establish­
ing the rate values itemized in Table VII• Prom these data 
the log-log plot of heat transfer coefficient versus air 
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velocity of Figure 20 was constructed. 
From the curve of Figure SO the fmction relating the 
heat transfer coefficient and air velocity was established, 
h s 1,084 V (36) 
where V is the velocity througji the cross-section of the tray 
in feet per minute. 
The falling rate data were treated in much the seme way 
as those data from the other types of drying* Values of R© 
were taken from Table VII, values of v/c, ^ fj and Wf were 
read from the curves of Figure 19, and Wr - final and ©fARo/DWo 
were calculated# Then using Wj? - final and ®fAHo/DWc with the 
curves of Figure 8 the values of k for the individual runs 
were listed (see Table VIII)• The average value of k for the 
throu^ circulation drying was found to be 1«93. 
The value of k established from the experimental drying 
runs may be used in computing falling rate drying times or 
drying rate curves as long as the assumptions used in arriving 
at k are employed in calculations involving k« 
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Table VII* Constant Rate Thpou^ Circulation Air ISpying Data 
Run 
Ho. 
ra?3r 
Solid 
D 
•;$-Constant 
Hatdji he 
D dW 
x  d O  
L&tent 
Heat 
a m  
HTU/lb. 
Dry 
Bulb 
Ten^ ). 
Wet 
Bulb 
Terap. 
t^ op 
Heat 
Tranafer 
Coefficient 
h 
BTU 
Air 
Velocity 
V 
ft/min. 
954 0.981 7.65 1040 184.1 95.2 89.5 251 
955 1,057 6.15 1038 185.0 98.6 61.8 189 
956 1.076 5.54 1039 180.5 96.8 68.9 190 
957 0.980 7.15 1042 163.4 92.3 104.9 245 
958 1.055 6.02 1045 146.0 87.1 107.0 246 
959 1.084 5.00 1034 189.9 105.3 36.7 94 
963 1.069 6.54 1044 140.9 88.3 130.0 449 
964 1.042 3.76 1033 140.1 107.2 117.0 359 
965 0.969 7.15 1046 155.1 85,3 107.0 375 
966 0.991 7.44 1037 158.7 99.6 131.0 389 
967 1.000 5.15 1029 159,8 115.2 118.3 303 
968 1.051 7.53 1065 119.9 51.0 116.2 304 
970 0.925 6.29 1037 185.6 99.6 76.1 180 
971 0.945 3.46 1037 176,3 100.0 47.1 91 
972 1.052 2.79 1059 177.8 96.8 35.8 76 
981 0.888 8.63 1030 222,1 112.3 81.0 235 
982 0.934 8.32 1036 220.7 102.4 73.0 204 
98S 0.946 6.93 1025 220,3 121.3 71.7 183 
985 0.847 4.77 1049 141,3 79.7 81.2 191 
986 0.872 4.72 1047 154,2 83.5 70.0 188 
987 0.921 6*79 1040 156.7 95.0 114.5 377 
«• A = 0.354 sq» ft,; Bed thickness • 2 in* 
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E. Evaluation of Correlating Procedures 
In order to test the procedure employed in the correla­
tion of til© data and illustrate the method of using those 
teclmiques, the drying conditions and appropriate constants 
should "be usable in coruputing the data obtained in the 
original eaperiraent. For this purpose Run Ko, 986 v/as 
selected* 
Drying Ckanditions and Data 
Type of Drying 
Area 
Air Velocity 
Dry-Bulb Temperature 
Wet-Bulb Temperature 
Latent Heat of vg^orization 
at wet-bulb temperature 
Initial Moisture Content 
Critical Moisture Content 
Woi^t of Dry Solid 
Pinal Moisture Content 
i Throu^ Air Circulation 
t 0 • 33'^ 8 ci» ft • 
t 188 ft. per min. 
t 154*8® P, 
: 83»50 P. 
s 1047 BTU per lb. 
t 0*335 lb, water per lb. 
dry solid 
t 0*15 lb» water per lb. 
dry solid 
t 0,872 lb. 
: 0.015 lb. water per lb. 
dry solid 
Calculation of Drying Time in Constant Rate Period 
Using equation (36) the heat transfer coefficient can 
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be caloTilated 
h a 1.084 V » 1,084 X 188 e 71»5 (hj?') (gq^ffe) (F) 
Then using equation (3) 
awb » ^  "" 
the constant di»ylng rat© may he determined 
R« - £ m {t.r7\ 
° - A 35 Arm ' 
^ i[l|i*-g - 88fs) . 4.63 
The time for constant rate drying becomes, 
®c = *c . £ (23) 
Rc A 
(0,335 - oaS) X 0,872 . . .. 
®o " 4.bs ro.aa4 — = 0-10 
Calculation of Drying Time in Palling Rate Period 
Using equation (27) for the drying time in the falling 
rate period 
vs^ a 1 
0^  « r V^fr J ^ 
Wjk a Wp - final 
Wr s 1 
a 0.872 X 0.15 CdWt. 
'^ f = 0733m03' J  ^
wr 8 0,1 
Where VVp - final equals 0.015/0,15 or 0,10, Then using the 
: g»Nr^ wT.»vOT»a 
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value of k « 1.93 for throu^ circulation air drying together 
with Figure 12 the integral 
1,0 
dwr 
W  
0.1 
A 
is evaluated as 8,4. Substitution in equation (27) gives the 
calculated falling rate drying time 
s - 0,681 hr. X 0«334 :c 4*83 " • 
From Of and the total time of drying is foimd to be 
0.781 hours comparing favorably with a value of 0.790 hour 
from the moistiare content-time curve for the run. 
Calculation of Moisture Content-Time Data 
To calculate the original moisture content-time data for 
comparison with the eaperimental data the values calculated 
above for the constant rate period may be used for that 
portion of the drying. The value of » 0,1 hour v/ith the 
initial and critical moisture contents permits the establish­
ment of the constant rate section of the data. 
The falling rate calculations involve the use of 
equation (27), appropriate values of D, Wc* A, R, and Figure 8 
or Figure 12. However, once the proper value of k has been 
determined it is equally satisfactory to us© equation (28) or 
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equation (29) \alth subsequent integration. 
(28) 
log Ry - k log Wp (29) 
In making these computationa values of Wr are listed, 
corresponding valties of the integral obtained from the curves 
of Figure 8 or Pigur© 12# The integration tuaits for each 
assumed value of Wr between 1»0 and Wp - final are multiplied 
by DWc/aRc to give the corresponding falling rate drying time* 
This time is added to the constant rate time for the total 
drying time and Wy multiplied by the critical moisture 
content to give the corresponding moisture content# These 
operations are Illustrated in Table IX and the resialts com­
pared graphically in Figure 21» 
Some deviation is observed between the experimental and 
calculated points which may bo reconciled on the basis of an 
improper selection of the function relating V/j. and Rx». 
However# these deviations are explained more properly on the 
basis of the techniqti© used in obtaining the data# As described 
in the eaperimental procedwe section the gross wei^t of the 
tray and rubber v/as obtained by diverting the air stream, 
attaching the tray support rods to the saddle on the balance 
and adjusting to balancea Although eacli weiring operation 
required a maximum of one minute, the relatively short drying 
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Table IX» Calciilatlon of Moisture Contend Data 
For Palling Rate Period-Run iTo« 986 
Tdw T^ w Moisture |2!k SUs. / Si Drying Content 
J  Rr ARc J  Rp Time-hr# V/ s \r/y» Wc 
Wr Wr ^0 + 
1.0 0.000 0.000 0.100 0.150 
0.9 0.111 0.0081 0.1081 0.135 
0.8 0.250 0.0203 0.1203 0.12C 
0.7 0.425 0.0345 0.1345 0.106 
0.6 0.670 0.0543 0.1543 0.090 
0.5 0.970 0.0787 0.1787 0.075 
0.4 1.45 0.118 0.218 0.060 
0.3 2.20 0.178 0.278 0.045 
0.2 3.77 0.306 0,406 0.030 
0.1 8.40 0.681 0.781 0.015 
«> k « 1#93 
^ . 0.87s x 0.15 _ n non 
^ 6.a34 » 4.5a " 
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time could be significantly influenced by these interruptions 
of the drying* 
Vi/hen the time of drying is longer aa in the case of the 
cabinet air drying the agreement between the calculated and 
experimental values la very good as shown in Figure 22 where 
the data of Run Ho, 81S are presented. 
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vi. conclusions 
The data obtainod in these drying experiments v/ere 
subject to certain variations resiiltlng from the use of a 
commercial material# The plant prepared crumb rubber varied 
considerably from day to day as operating procedures were 
changed and alternative equipment used In the processing# 
Good Evidence of one variation commonly encountered v/as the 
siaeable range of initial moisture contents of the rubber 
even though each rubber sample was obbained at the same 
point in the manufacturing process* 
The moisture content data althou^ consistent for a 
given run was doubted occasionally as to absolute values 
because of difficulties in duplicating results with material 
vjrithdrawn at different times. When the inconsistencies were 
observed, those runs concerned v/ore discarded* However, such 
occurrences emphasized the fact that the commercially prepared 
material was not uniform and that considerable variation of 
the data was to be expected. 
An inspection of the moisture content-time data permitted 
certain conclusions without recourse to correlating procedures# 
Throuj^ circulation air drying was by far the most rapid drying 
technique investigated requiring a maximum of 1 to l|- hours 
to produce dryness with other types of drying requiring much 
greater periods. 
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Empirical correlations of tho constant ratoa with tempera­
ture and total preesur© wore possible for the vacuian shelf 
and rotary vacuum runs. Hovjover, for "both the cabinet air 
drying and through air circulation runs it was possible to 
calculate drying heat transfer coefficients and relate these 
coefficients for each type of drying to the respective air 
velocities# In general, these correlations were satisfactory 
although of an empirical nature# 
Palling rate data for all types of drying were correlated 
using so-called reduced rate relations involving the 
correlation of the ratio, called the reduced moisture 
content Wi», with the Rf/Rc i^atio, the reduced rate Ry. The 
relation between Wy and Rp was approximated by a power fxmotion. 
Integration of dWr/Rr and multiplication by DWc/ARc v/as equal 
to the falling rate drying time. However, equating the integral 
value to ARc/DWo for assumed final values of Wr end 
assumed power functions relating Wr and Rp permitted the 
establishment of the function from the experimental f^ ling 
rate data* Cui'ves relating Is: the power of V/p to Vifp and J' 
permitted easy establishment of the value of lc« The average 
value of k for each type of drying was established and considered 
indicative of the drying type# Individual values of k for e 
given tjrpe of drying varied somewhat but further refinements 
were not justified for a material of the variable nature of the 
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plant proceased cimsib rubTD©r» For a given type of drying 
the average value of k was usable along with the integral 
curves in oalctilating moisture content time data or in 
computing the drying time in the falling; rate periods 
From the constejit rate and falling rate correlations 
esatlafactory calcxilations of nioisttire oontont-tim© relations 
vjere possible using the drying conditions, appropriate 
constants and dimensions of the experiment. 
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vii. smiarst 
The results of these studies of the drying of buna-S 
crumb rubber may be suitmiarlsed as follows. 
1« The most effective drying procedure of those investi­
gated was throu^ circulation air drying* This 
procedure produced dry crvmib in 1 to 1^ hours v/hereas 
other procedures required extended drying periods, 
2» Constant rates of drying were correlated by empirical 
equations? 
Vacuum Shelf drying, 
Rq s 0e00589 (t/pi) - 0.1238 (31) 
Rotary vacuum drying, 
Rc' « 0.00358 (tst/P^) - 0.0394 (33) 
Cabinet air drying, 
h « 0.008 V 4- 4.75 (35) 
Through circulation air drying, 
h « 1.084 V (36) 
3« The falling rate data were correlated using reduced 
rate relations involving power functions. The general 
expression employed was 
rr « (28) 
The falling rate drying by each prooediir© was character-
iaed by an average value of k. 
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Vacuian shelf drying, k s I.30 
Rotary vacuum drying, k » 1*03 
Cabinet air drying, k * 1«68 
Through circulation air dicing, k « 1.93 
Values of k were used with curvea relating % and 
to calculate the falling rate time of drying and 
moistiar© content-time data* 
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VIII. LIST OF miBOLS 
A dryins area, sq» ft. 
D dry solid, lb* 
h hoat transfer coefficient, BTU/hr. x sq« ft. x F®. 
k power of Wi» in the equation, % s 
P total pressure, in. of Hg<. 
Q heat transferred, BTU 
ri internal resistance to heat traiiafor. 
rg anrfaoe resistance to hoat transfer. 
r^ total roaistance to hoat transfer. 
Rq constant drying rate, lb, v;ater lost/hr. x. aq. ft. 
R^t modified constant drying rate, lb« water lost/lb. dry 
solid X hr. x sq. ft» 
Rf drying rate in falling rate period, lb, water loat/lir. 
X sq. ft. 
Rp reduced drying rate, R/Rc* 
t average cake temporatur©^ 
dry-b-ulb tender at we, 
tv® wet-bulb temperature* °F. 
tat steam temperature, op, 
V air velocity, ft ./rain. 
W moisture content, lb, water/lb, dry solid 
Wo critical moisture content, lb, water/lb, dry solid. 
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Wf moisture content in falling rate period, lb» water/lb, 
dry solid* 
Wq initio! moisturo content, lb* wato3?/rb« dry solid 
Wj* reduced raoiatura oantent, w/Wq* 
Aivr latent heat of valorization of water at the v/et-bi«lb 
temperature, BTU/ib« 
O time of drying, hr. 
Oq constant rate drying time, hr. 
0f falling rate drying time, hr« 
Otji total drying time, 0<s 4- f^, hr» 
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